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(54) ETCHING METHOD AND DEVICE 

(57)Abstract: 

PURPOSE: To enable a work to be protected against side etching and 
enhanced in etching shape controllability, etching rate, and plane uniformity 
by a method wherein etching gas is turned into plasma by applying a first 
pulse, second pulse-modulated high-frequency voltage. 
CONSTITUTION: A tray 9 fitted with a substrate 8 on which an etched thin 
fihn is formed is mounted on an electrode 4, and etching gas is introduced into 
a chamber 1 from a gas source 5 as the chamber 1 is exhausted to a prescribed 
pressure. A^sfcpulse--modulated;highrfrequency-voltage^where=a-seeond 
sti5ftef^lsenn6dulatM'by^^^^ is appUed to etching 

gas by a power supply 7 to turn it into plasma, and the etched thin fihn on the 
substrate 8 is etched. Therefore, etching gas is enhanced in ionization rate, the 
vacuum chamber 1 can be reduced to a lower pressure than a conventional 
one, consequently ions are enhanced in mean free path, and etching can be 
carried out high , iTipr?i^pm rAs etching gas has a high ionization rate, and 
etching operation can be carried out with high plane uniformity at a high 
etching rate. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the original precisely. 
2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The etching method characterized by performing plasma-ization of the aforementioned etching gas in the etching 
method which plasma-izes etching gas and etches by **(ing) an etching object to this plasma by inq^ression of the 
high-frequency voltage on which the 2nd pulse modulation of a period shorter than the 1st pulse modulation and this 1st pulse 
modulation was made to superinqjose. 

[Claim 2] off time, while making the on-time tl in the 1st pulse modulation of the above into the thing of the range of 
O.Smicrosec - lOOmicrosec - the on-time [ in / the 2nd pulse modulation of the above / 12 is made into the thing of the range of 
3microsec - lOOmicrosec, and ] t3 ~ and off time ~ the etching method according to claim 1 which makes t4 the thing of the 
range of O.OSmicrosec - 50microsec, respectively 

[Claim 3] In the etching system which etches by things the etching object which impressed high-frequency voltage, plasma-ized 
the etching gas introduced in the vacuum chamber with the high-frequency- voltage in^ression means, and has been arranged in 
this chamber ~ this plasma ~ **** - The etching system to which the aforementioned high-frequency-voltage impression means 
is characterized by including the means on which the predetermined on-time and the 2nd off time predetermined pulse 
modulation of a period shorter than an on-time, the 1st off time predetermined pulse modulation, and the 1st predetermined pulse 
modulation of the above are made to superimpose at the high-frequency voltage of predetermined frequency. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely, 

2, **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention plasma-izes etching gas and relates to the etching method and equipment which etch by 

**(ing) an etching object to this plasma. 

[0002] 

[Description of the Prior Art] a method and equipment according to RIE mode (reactive ion etching) typically in the etching 
method and equipment, and this kind of the method and equipment by plasma mode ~ it is ~ manufacture of various thin film 
devices, such as a solar battery and a liquid crystal display, - large -- use ~ now, it is 

[0003] With the etching method in RIE mode, and equipment, a counterelectrode is arranged in a vacuum chamber, among those 
one side is made into a grounding electrode, another side is made into a RF electrode, and an etching object is installed on this 
RF electrode. The etching gas introduced in a vacuum chamber is plasma-ized by the basis of high-frequency- voltage 
inq)ression, and it **********s by an etching object being **(ed) by this plasma. 

[0004] With the etching method in plasma mode, and equipment, a counterelectrode is arranged in a vacuum chamber, among 
those one side is made into a grounding electrode, another side is made into a RF electrode, and an etching object is installed on 
this grounding electrode. Also in this etching, the etching gas introduced in the vacuimi chamber is plasma-ized by 
high-frequency-voltage inqjression, and it ***»******s by an etching object being **(ed) by this plasma. 
[0005] 

[Problem(s) to be Solved by the Invention] However, according to this conventional etching method and equipment, there is the 
following problem. For example, when an etching hollow is formed in a part for opening of an etching mask in **********ing 
the various thin fihns for TFT on a substrate (a metal thin fihn, a semiconductor thin fihn, insulator thin fihn, etc.) in RIE mode 
in order to obtain the TFT (TFT) used for a liquid crystal display etc., it is hard to prevent etching' (the so-called side etch) to the 
side attachment wall of the hollow to a satisfying enough grade. 

[0006] Substrate temperature rises for an intense ion bombardment, and since the resist which forms then ^Mgg gmsk is 
damaged, it becomes impossible that is, to obtain a desired etching pattem, although RF power for making etching gas 
plasma-ize can be made high, high bias can be obtained, an ion bombardment can be enlarged by it and strength and side etch 
can be suppressed for different direction etching nature, in order to prevent this side etch. Therefore, despite a join office, RF 
power must be stopped and a certain amount of side etch generating must be allowed. Moreover, this also must be permitted 
although an ionization rate falls, an etching rate becomes low, or etching in the edge advances by the substrate with a breadth so 
much more quickly than a center section, for exaitqjle, as a result of stopping RF power low, and field homogeneity falls. 
[0007] Furthermore, the problem of adhering as an impurity also has the radical which forms the side-attachment- wall protective 
coat for preventing side etch in the field for etching. Then, it aims at offering the etching method by which resist burning is also 
prevented [ by which are prevented, and it is the etching method which this invention plasma-izes etching gas and etches by 
**(ing) an etching object to this plasma, and equipment, side etch is suppressed, the controllability of an etching configuration 
becomes good, an etching rate is moreover high field homogeneity also improves, adhesion of the iirqjurity to an etching object 
is suppressed by low particle, and it is suppressed ], and equipment. 
[0008] 

[Means for Solving the Problem] In the etching method which this invention plasma-izes etching gas according to the 
aforementioned purpose, and etches by **(ing) an etching object to this plasma The etchingjro tiiod character ized b)^performing 
plasma-ization of the aforementioned etching gas by impression of th^l|^ te^j[iYi ffeVf\L^^^^ ' / 

^g^ul^fiMTgf^ ^iiM j^ir^^ Isfbuls^^ ^^ tlation and this 1st piilse modulafio'gw^i^ with a 

high-frequency-voltage impression means, impress high-frequency voltage^d the etching gas introduced in the vacuum 
chamber is plasma-ized. In the etching system which etches by things the etching object arranged in this chamber ~ this plasma 
„ **** „ The period to the high-frequency voltage of predetermined frequency with the aforementioned high-frequency-voltage 
inpression means shorter than an on-time, the 1st off time predetermined pulse modulation, and the 1st predetermined pulse 
modulation of the above, The etching system characterized by including the means on which a predetermined on-time and the 
2nd off time predetermined pulse modulation are made to superimpose is offered. 

[0009] this invention is based on the following knowledge. That is, if pulse modulation or beam high-frequency voltage is 
inpressed to this in order to make etching gas plasma-ize, plasma with high electron temperature and density will be acquired. 
The ion in plasma and radical generation have so much ion effective in etching, and radical generation that this is high with 
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regards to this electron temperature and density (an ionization rate becomes high). Even if the effect of increase of electron 
temperature and density becomes more remarkable at the time only of the 1st pulse modulation by applying the 1st pulse 
modulation and the 2nd pulse modulation of a period shorter than this to applied voltage and it makes the pressure of etching gas 
low conventionally, a high etch rate can be obtained and the field homogeneity of etching also improves. Furthermore, the mean 
free path of ion becomes large by making gas ** low, the direction of the ion which collides with an etching side becomes is hard 
to be disturbed, and high etching of an anisotropy is attained. Moreover, the DC bias (auto-bias) of an etching object is not no 
longer continuously large, since it changes to size repeatedly, the temperature rise of this etching object is suppressed so much, 
and resist burning which forms an etching mask is suppressed or prevented. Moreover, the radical constituting the cause of 
generation of particle (radical which forms polymer) can be suppressed by carrying out pulse modulation, and adhesion of an 
impurity in an etching object can be suppressed. 

[0010] The situation of change of the DC bias according the situation of change of an electron temperature according signs that 
the 1st and 2nd pulse modulation is applied to the high-frequency voltage for plasma-izing etching gas among the above 
explanation, to fliis 1st pulse modulation, and density to this 1st pulse modulation is shovra in the (A) view of drawing_3 in the 
(B) view of drawing 3 at the (C) view of drawing 3 , respectively. In addition, in the (B) view and (C) view, the dashed line 
shows the change when not applying pulse modulation. 
[0011] 

[Function] According to this invention etching method and equipment, the etching gas introduced in the vacuum chamber for 
etching is plasma-ized by inqjression of the high-frequency voltage to which the 1st and 2nd pulse modulation was applied, and it 
**********s by an etching object being **(ed) by this plasma. 

[0012] Since plasma-ization of the aforementioned etching gas is performed by impression of the high-frequency voltage to 
which the 1st and 2nd pulse modulation was applied, even if an ionization rate becomes high and performs the process in low gas 
** conventionally, it is a high etching rate, even when an etching object moreover has a fixed area, it is that ********** well and 
field homogeneity makes gas ** low, and the mean free path of ion becomes long, and etching is performed with a sufficient 
anisotropy. Moreover, since radical generating which causes particle by applying pulse modulation is suppressed, adhesion of an 
inpurity in an etching object is suppressed and the DC bias of an etching object changes to size further, the temperature rise of 
an etching object is suppressed so much, and resist burning is suppressed or prevented. 
[0013] 

[Exarrq>le] Hereafter, the exan^le of this invention is explained with reference to a drawing. Drawing 1 shows the outline cross 
section of an exa.mp\c of the reactive-ion-etching (RIE) equipment used for operation of this invention method. The equipment of 
illustration is equipped with the source 5 of etching gas linked to the exhaust 2 linked to the vacuum chamber 1 and this 
chamber, the top electrode 3 which carried out opposite installation into the chamber 1, the bottom electrode 4, and the chamber 
1. 

[0014] An electrode 3 is a grounding electrode, an electrode 4 is a RF electrode and hdgh-frequency voltage is impressed to this 
from RF generator 7 toough the matching box 6 already known in itself. ^^^lpiKEIgerfir^fe^j^ io. that the „RF 

lOut^^^fegd ;bjit;thej st^^^ 71 in which arbitrary RF pulse modulation is possible 

may be supplied through an analog sv^tch AS, the RF power anq)lificati6n 72, md a matching box 6, it is made to perform the 
f2nd pulse modulation by operaiii^ the pulse signal generator 74, taking the synchronization of a pulse 

signarih the~^pBase simulation circuit 73. off tkne [ from the range of 0.5microsec - lOOmicrosec ] in lie on-time [ in / the 1st 
pulse modulation / at this power supply 7 ] tl — a selection decision of t2 can be made from the range of 3microsec - 
lOOmicrosec, and a selection decision of each of the on-times t3 and t4 in the 2nd pulse modulation is made from the range of 
0.05microsec - SOmicrosec 

[0015] In addition, it replaces v^th the power supply shown in drawing 1 , and adopting the power supply shown in drawing 2 is 
also considered, operating analog switches ASl and AS2 by pulse signal generators 77 and 78, taking the synchronization of a 
pulse signal in the phase simulation circuit 79, while what is shovra in drawing 2 is constituted so that the RF output from the RF 
signal generator 75 may be further supplied to the RF power an:q}lification 76 through a matching box 6 through analog switches 
ASl and AS2 ~ the [ the 1st and ] ~ it is made to perform 2 pulse modulation 

[0016] According to the equipment explained above, this invention method is enforced as follows. First, the tray 9 equipped with 
the substrate 8 in which the thin film which **********s was formed is installed on an electrode 4. Etching gas is introduced in a 
chamber from the source 5 of gas, carrying out vacuimi length of after [ appropriate ] and the inside of a chamber 1 to place 
constant pressure by operation of the exhaust 2. and the 1st and high-frequency voltage carried out the 2nd pulse modulation are 
in^ressed and plasma-ized in this gas with a power supply 7 ~ making — this plasma ~ the film on a substrate 8 - **** - this is 
**********ed by things In addition, the etching mask pattern is beforehand formed in this film in the resist. 
[0017] As for etching gas, the 1st and the RF power carried out the 2nd pulse modulation are impressed during the 
aforementioned etching. Since an ionization rate becomes high, (since a reaction radical and ion required for etching increase) 
Gas ** in the vacuum chamber 1 can be lowered conventionally, the mean free path of ion becomes long by the fall of this gas 
**, and the directivity of ion inproves. This sake. The side etch to the side attachment wall of the etching hollow in etching mask 
opening is suppressed, and it can etch with a sufficient anisotropy. Moreover, since the ionization rate is high, it is a high etching 
rate, and even when an etching object moreover has a fixed area, etching is performed with sufficient field homogeneity. Since 
the DC bias of a substrate 8 furthermore changes to size, the temperature rise of a substrate 8 is suppressed, and resist burning is 
suppressed or prevented. 

[0018] Moreover, while ion required for etching and a radical kind generate and increase alternatively by applying pulse 



2of3 



5/2/03 2:05 m 



THIS MOE BUNK (uspto) 



http://\www4. ipdl.jpo.go.jp/cgi-bin/tran_web_cgLeiie 



modulation, radical generating leading to particle generating is suppressed, and adhesion of an irr^urity on the film for etching is 

suppressed by this. Next, the exan^les 1, 2, and 3 of comparison in the case of carrying out based on the etching method and 

equipment which were explained above by tegggg^gj^sjli^ the glass substrate, the silicon nitride (SiN), 

the concrete exan^les 1, 2, and 3 which ca^^luffi^e^^j^^kchTihh'of aluminum (aluminum), and the high-frequency 

voltage which does not carry out pulse modulation of the plasma-sizing of etching gas are explained. 

[0019] In addition, in any case, the etching mas^Eitt^^te^Lj^'at^^itf was formed in the film which **********s. 

Exair^le 1 Fihn on exan^le of compariso^Tsubstrate 8 A0>*A-Si high-frequency voltage|||^^^z 13.56MHzg80W 180W 

pulse modulation-****. Nothing. 

[0020] ' 3^ 'I 

The»lsttPulseimodulatiQni®ns^ uS§^ T he;,2nd.pal^i ^o^d mati o^^ 
Oi&timef*t4^1'miGT3§feGietGhing gas CF4 60sccm CF4 60sccm 02 15sccm(s) 02 Gas ** in the 15sccm chamber 1 30mTorr 
50mTorr etching rate 580A/min 500A / min side homogeneity **3% **10% Example 2 Film on exan^le of comparison 2 
substrate 8 SiN SiN high-frequency voltage 13.56MHzl3.56MHz 200W 200W pulse modulation ****. Nothing. 
[0021] a; I 

The 1st pulse modulation On-time tl= 20microsec Off time t2= lOmicrosec The 2nd pulse modulation On-time t3= 4microsec 
Off time t4= Imicrosec etching gas CHF3 45sccm CHF3 45sccm 02 10sccm(s) 02 Gas ** in the lOsccm chamber 1 30mTorr 
SOmTorr etching rate 740A/min 600A / min side homogeneity **3% **10% Exan^le 3 Fikn on exan^le of coitq)arison 3 
substrate 8 aluminum aluminum high-frequency voltage 13.56MHz 13,56MHz lOOW lOOW pulse modulation ****. Nothing. 
[0022] a:^ 

The 1st pulse modulation On-time tl= 20microsec Off time t2= lOmicrosec The 2nd pulse modulation On-time t3= 4microsec 
Off time t4= Imicrosec etching gas CHC13 7sccm CHC13 7sccm C12 5sccm(s) C12 5sccm BC13 40sccm Gas ** 25mTorr in the 
BC13 40sccm chamber 1 35mTorr etching rate 650A / min450A/min side homogeneity **5% **15% above — although adhesion 
of side etch or the inqjurity which should be practically regarded as questionable also in which example was not accepted, it was 
accepted in each exan^le of comparison Moreover, resist burning was accepted in neither of the examples. 
[0023] CF radical and CF2 which are considered to contribute to particle polymer generation in the aforementioned example 1 It 
is suppressed because radical generation applies pulse modulation, and in the examples 2 and 3, it is thought that it is suppressed 
because generation of CH radical considered to contribute to particle polymer generation applies pulse modulation. The above 
"field homogeneity" carries out the difference of the amount of etching in the edge and center section of the glass substrate for 2 
minutes, and it is shaken at ** and it shows it. 
[0024] 

[Effect of the Invention] In the etching method and the equipment which according to this invention plasma-ize etching gas and 
etch by **(ing) an etching object to this plasma, side etch is suppressed, the controllability of an etching configuration becomes 
good, moreover, an etching rate is high and field homogeneity's inqjroves, adhesion of an in:q)urity in an etching object is 
suppressed by low particle, and the etching method and the equipment by which resist burning is also suppressed or prevented 
can be offered. 



[Translation done.] 



r 



Patent Abstracts of Japan 



EUROPEAN PATENT OF#De09/ 889 838 

JC17Rec'dPCr/PrO 2 3 JUL 2001 



PUBLICATION NUMBER 
PUBLICATION DATE 



06342770 
13-12-94 



APPLICATION DATE 
APPLICATION NUMBER 



21-08-92 
04222416 



APPLICANT : NISSIN ELECTRIC CO LTD; 



INVENTOR : KUWABARA SO; 



INT.CL. 



TITLE 



HOI L 21/302 C23F 4/00 



ETCHING METHOD AND DEVICE 




74 73 



ABSTRACT : PURPOSE: To enable a work to be protected against side etching and enhanced in 
etching shape controllability, etching rate, and plane uniformity by a method wherein 
etching gas is turned into plasma by applying a first pulse, second pulse-modulated 
high-frequency voltage. 

CONSTITUTION: A tray 9 fitted with a substrate 8 on which an etched thin film is formed 
is mounted on an electrode 4, and etching gas is introduced into a chamber 1 from a gas 
source 5 as the chamber 1 is exhausted to a prescribed pressure. A first pulse-modulated 
high-frequency voltage where a second shorter pulse-modulated by voltage is made to 
overlap is applied to etching gas by a power supply 7 to turn it into plasma, and the etched 
thin film on the substrate 8 is etched. Therefore, etching gas is enhanced in ionization 
rate, the vacuum chamber 1 can be reduced to a lower pressure than a conventional one, 
consequently ions are enhanced in mean free path, and etching can be carried out high in 
anisotropy. As etching gas has a high ionization rate, and etching operation can be carried 
out with high plane uniformity at a high etching rate. 
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